In the molecule of the title compound, C 13 H 18 O 3 , there is a syn relationship between the two vicinal methyl groups. The sixmembered ring adopts a chair conformation, with one equatorial and two axial groups, and the furyl group is almost parallel to the ketone group. Intermolecular hydrogen bonds [OÐHÁ Á ÁO C 2.814 (3) A Ê ] form chains along [100] .
Comment
Many sesquiterpenes possessing a furan ring have been isolated from plant species and among them, the furanoeremophilanes, (I), are the most abundant (Hikino & Konno, 1976; Kuroyanagi et al., 1985; Torres et al., 1999) . The interesting linearly fused furo [2,3-b] decalin framework, containing syn-vicinal dimethyl groups at atoms C-4a and C-5, of these compounds, together with the biological activities shown by some of them, have attracted the attention of many synthetic chemists (Irie et al., 1982; Jacobi et al., 1984; Koike et al., 1999; Miyashita et al., 1980; Tada et al., 1980; Yamakawa et al., 1983) . We have designed a strategy for the synthesis of the basic skeleton (I), in which the key step is the preparation of compounds such as the ketol (II). Since NMR analyses of (IIa) and (IIb) did not allow conclusive assignment of the relative stereochemistry of the methyl groups, we carried out the X-ray analysis of (IIa), which unequivocally established this relationship as syn.
The molecular structure of (IIa) is shown in Fig. 1 , and selected bond distances, angles and torsion angles are listed in Table 1 . The cyclohexanone ring adopts a chair conformation, with the C3-methyl and C2-hydroxymethyl groups in antidiaxial orientations. This is an unexpected and unusual result since, in principle, the anti-diequatorial conformer, (IIa H ) (obtained by¯ipping the cyclohexanone ring), should be more stable.
The carbonyl and methyl (C8) groups on C2 are almost coplanar, with an O1ÐC1ÐC2ÐC8 torsion angle of À1.8 (4) and a mean deviation from the plane of the four atoms of 0.007 A Ê ; the C2ÐC7ÐO2 hydroxy moiety is almost perpendicular [86.84 (14) ] to this four-atom plane. This geometry does not allow intramolecular hydrogen bonding between the hydroxy and ketone groups. The C1( O1)ÐC2ÐC6 fragment of the cyclohexanone ring is practically planar, within experimental error [the maximum deviation from the plane is À0.020 (3) A Ê for atom C1], and the C1 O1 bond distance [1.227 (3) A Ê ] is within the normal range. Similar results were found in previously reported cyclohexanones (Barluenga et al., 1993; Brunner & Maas, 1995; Herna Â ndez-Ortega et al., 2001; Rowland et al., 1998) .
The furyl group is essentially planar, within experimental error (the mean deviation from the plane is 0.0018 A Ê ). This The molecular structure of (IIa), showing the atom-labelling scheme. Displacement ellipsoids are shown at the 50% probability level. group is almost parallel to the ketone group [12.82 (9) ] and is inclined at an angle of 47.23 (17) to the best plane described by atoms C2, C3, C5 and C6 of the cyclohexanone ring (the mean deviation from this plane is 0.0051 A Ê ).
The molecules are stacked in the crystal along the a axis, with the cyclohexanone and furyl groups almost perpendicular to the ac plane (Fig. 2) . The molecules are linked by intermolecular hydrogen bonds between the hydroxy and ring carbonyl groups ( Table 2 ). The preference for intermolecular as opposed to intramolecular hydrogen bonding is due to the orientation of the 3-furyl(hydroxy)methyl group on the cyclohexanone ring.
Experimental
A solution of 2-methyl-2-cyclohexenone (15 mmol) in anhydrous ether (15 ml) was added dropwise to a stirred solution of lithium dimethylcuprate (30 mmol) in anhydrous ether (200 ml) at 268 K under a nitrogen atmosphere. A yellow precipitate was obtained, and after stirring for 30 min, a 1 M ethereal solution of zinc chloride (30 ml) was added, followed by a solution of furan-3-carbaldehyde (18.75 mmol) in anhydrous ether (15 ml). Stirring was continued for 15 min at 268 K, and the reaction mixture was then poured into 20% aqueous ammonium chloride (350 ml). After separation, the aqueous phase was extracted with ether (2 Â 30 ml). The combined ethereal phases were washed with 10% aqueous ammonium chloride (2 Â 30 ml) and brine (2 Â 30 ml), and were then dried and concentrated. The crude product was separated by column chromatography, yielding two compounds. The most polar product [(IIa) in 28% yield] was obtained as colorless prisms (m.p. 360±361 K) after puri®cation and recrystallization from ether±hexane. The epimeric stereochemical relationship between (IIa) and (IIb) was established by oxidation (Jones) of each diastereoisomer to the same -diketone.
Crystal data
Mo K radiation Cell parameters from 512 re¯ections = 2.7±29.1 " = 0.08 mm À1 T = 293 (2) K Prism, colorless 0.24 Â 0.20 Â 0.14 mm
Data collection
Bruker CCD area-detector diffractometer 9 and 3 scans 11 179 measured re¯ections 1667 independent re¯ections 1045 re¯ections with I > 2'(I) 
The positional parameters of the hydroxy H atom were re®ned, while those of the other H atoms were calculated geometrically (CÐ H = 0.93±0.98 A Ê ). All H atoms were ®xed with U iso (H) = 1.2U eq of the attached non-H atom. The absolute con®guration could not be determined.
Data collection: SMART (Bruker, 2000) ; cell re®nement: SMART; data reduction: SAINT-Plus (Bruker, 1999) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: SHELXTL (Bruker, 2000) ; software used to prepare material for publication: SHELXTL. The crystal packing of (IIa) projected on to the ab plane. The intermolecular hydrogen bonds are along the a axis. Supplementary data for this paper are available from the IUCr electronic archives (Reference: FR1367). Services for accessing these data are described at the back of the journal.
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SHELXTL. Special details Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
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